Following surgical mitral valvuloplasty intraoperative transoesophageal echocardiography (IOTOE) as moderate or severe residual regurgitation, in approximately 8% of patients in whom the surgical test of the repair (with the 'leak test') appeared satisfactory 1,2 . This is true even when only patients believed suitable for mitral valvuloplasty are selected by pre-bypass examination with IOTOE 3 . Intraoperative TOE grade of residual mitral regurgitation (MR) following mitral valvuloplasty is believed to accurately predict postoperative grade of MR measured by transthoracic echocardiography (TTE), both early and late after the operation 4 . Unfortunately, this prediction has been demonstrated in only a small number of patients (42 in total) and the majority of these patients (40) had their residual MR graded as nil or trace by IOTOE. The other two patients had mild residual MR by IOTOE. The only method the investigators used to classify residual MR was the maximal area of residual MR jet. There were only two operators and there was good inter-observer agreement between them. Whether a high degree of agreement between IOTOE and postoperative TTE is achieved when dealing with higher grades of MR (in particular 'mild' MR) has not been demonstrated.
It is known that general anaesthesia and positive pressure ventilation can reduce the apparent grade of MR observed prior to mitral valvuloplasty, when either moderate or severe MR is present 5, 6 . Changes in both afterload and preload immediately follow-A comparison of the degree of residual mitral regurgitation by intraoperative transoesophageal and follow-up transthoracic echocardiography following mitral valvuloplasty M. GILLHAM*, P. DIPROSE †, J. AMBLER ‡ Green Lane Department of Anaesthesia, Auckland City Hospital, Auckland, New Zealand SUMMARY Patients who undergo mitral valve repair for mitral regurgitation and have mild residual mitral regurgitation may have an increased risk of re-operation in future years. Intraoperative transoesophageal echocardiography has now become a standard of practice for mitral valve repair surgery. We identified 106 patients who underwent attempted mitral valve repair over a three-year period in our institution. We retrospectively reviewed the grade of residual mitral regurgitation assigned following successful mitral valve repair ('mild' or less residual regurgitation) by intraoperative transoesophageal echocardiography and compared it to the observed grade of mitral regurgitation seen at follow-up transthoracic echocardiography. No patient had unexpected moderate or severe mitral regurgitation postoperatively, suggesting that intraoperative transoesophageal echocardiography performed in a medium-sized department is a sensitive tool for the early detection of failed mitral repair. Mild residual mitral regurgitation on intraoperative transoesophageal echocardiography was not reliably associated with mild mitral regurgitation on follow-up transthoracic echocardiography. In fact, 61% of patients with mild mitral regurgitation identified by intraoperative transoesophageal echocardiography had reduced mitral regurgitation at follow-up transthoracic echocardiography (to nil/trace residual mitral regurgitation). This observation, in conjunction with the limitations of the data supporting the goal of 'echo perfect' repair, suggests that a second attempt at repair should not be made based on the intraoperative transoesophageal echocardiography finding of mild residual mitral regurgitation alone.
Key Words: mitral repair, mitral valvuloplasty, transoesophageal echocardiography, transthoracic echocardiography, residual mitral regurgitation ing separation from cardiopulmonary bypass may Gradual left ventricular recovery from the effects of aortic cross-clamping and cardioplegia may also result in dissipation of residual MR in the post-bypass period.
An increased need for late re-operation in patients with residual mild MR (measured by either IOTOE or by a double-sampling dye curve method) following 7 . A trend towards the need for late re-operation was seen in a second study where residual MR was measured solely by IOTOE, but this patient group included patients with mild and mild-moderate residual MR 8 .
The decision to attempt redo repair during the initial operation is not easy, with the surgeon having to weigh the risk of a second aortic cross-clamp (and the possibility that valve replacement may become repeat mitral valve surgery. The risk of the former is currently poorly documented in the surgical literature. Redo repair or replacement is usually performed for moderate or severe residual MR seen on IOTOE, but it is unclear whether this should be done if residual mild MR remains on IOTOE. Central to as nil/trace residual MR) is reliably diagnosed by IOTOE and whether mild residual MR on IOTOE follow-up TTE.
We therefore decided to retrospectively evaluate the degree of agreement between IOTOE and subsequent follow-up TTE in patients undergoing mitral valvuloplasty in our institution over a three-year period. In particular we were interested in identifying how many patients with mild residual MR on examination.
METHODS
Following approval from the hospital ethics committee, the cardiac intensive care database was searched for all patients having mitral valve surgery during the study period, January 2001 to December 2003. The original operation record was then reviewed to decide whether the patient had either mitral valve repair, or attempted mitral valve repair that was abandoned in favour of a mitral valve replacement. If concomitant coronary grafting was performed it was recorded, but the exact nature of the surgical technique employed to effect the mitral valvuloplasty was not. In the cases where the initial mitral valve repair was accepted by the surgeon, the intraoperative grade of residual MR (post-repair) was recorded. Regurgitation was graded as either nil/ trace, mild, moderate or severe. Patients with residual MR greater than 'mild' in severity on IOTOE were considered to have undergone a 'failed repair'.
The echocardiographic methods used to assess the severity of residual MR were at the discretion of the anaesthetist performing the examination. They included both area and length of the regurgitant jet, the vena contracta width, calculation of the effective pattern. Intraoperative TOE was always performed by one of 12 cardiac anaesthetists, in a department where 1200 bypass cases are performed each year. During the study period, members of the department had either passed the perioperative transoesophageal echocardiography examination (American National Board of Echocardiography) or were actively preparing for it. In cases where the intraoperative grade of residual MR was uncertain, a second opinion was provided by either the director of perioperative echocardiography (an anaesthetist) or a cardiologist with a particular interest in echocardiography.
During this study period it was not routine practice to obtain a postoperative TTE prior to hospital discharge and therefore comparison was made with the itself in the immediate postoperative period, or in the echocardiography laboratory of the referring hospital. In all patients included for comparison, this follow-up TTE was performed within one year of the operation. The intraoperative grade of residual MR (IOTOE) was compared to the follow-up TTE grade.
The results of the IOTOE and the follow-up TTE examinations in patients who underwent successful mitral valvuloplasty in isolation (no concomitant coronary grafting) were considered in detail as this group has excellent long-term survival and is most likely to be most affected by an increased need for late re-operation. Patients considered to have had a failed repair on IOTOE were excluded from analysis (leaving only patients who had either an 'echoperfect' repair or residual mild MR on IOTOE) and comparison was made between the results of the IOTOE and the follow-up TTE examinations in and negative predictive values for IOTOE and 'echoperfect' repair on follow-up TTE were calculated.
RESULTS
In the three-year study period 269 patients had mitral valve surgery. Of these, 106 had attempted mitral valve repair and 163 had primary mitral valve replacement. In all cases the mitral valvuloplasty was performed for myxomatous or ischaemic MR.
In the attempted mitral valve repair group, eight patients did not undergo IOTOE and one patient was converted to a valve replacement procedure under the same aortic cross-clamp following a failed leak test. The remaining 97 patients had mitral valve repair performed with IOTOE evaluation. No patient was unexpectedly found on follow-up TTE to have residual MR of greater severity than 'mild'. Of the nine patients with greater than mild MR on IOTOE, four underwent immediate replacement during the two improved on follow-up TTE (one to mild and one to trace residual MR; both had concomitant coronary grafting) and three did not (two patients were left with moderate and one with severe residual MR; all had MV performed without concomitant coronary grafting). One further patient had rupture of the posterior mitral annulus requiring early re-operation and valve replacement. Nine patients did not undergo follow-up TTE. Seventy-eight patients with either mild or less residual MR on IOTOE with follow-up TTE were left for comparison (see Figure 1) .
The agreement between intraoperative and followup MR grade in the 78 patients is shown in Table 1 . improved by the time of their follow-up TTE to 'echoperfect' repair. No patient was found to have unexpected moderate or severe MR postoperatively. In the setting of an adequate 'leak test', this suggests that IOTOE is able to detect failed mitral valvuloplasty reliably (nine cases in this series: four who underwent immediate and did not undergo immediate replacement at the surgeon's discretion).
It is possible when considering patients with either apparent 'echo-perfect' repair or 'mild' residual MR that the imperfect agreement between IOTOE and follow-up TTE is solely attributable to inter-observer error, but other factors may also be relevant. It has previously been recognised that positive pressure ventilation and general anaesthesia may reduce the severity of MR seen on IOTOE in those patients with moderate and severe MR 5, 6 and this may explain why some patients (eight) had more severe MR seen on postoperative TTE (Tables 1 and 2) . However, more patients had improvement in the severity of MR seen on follow-up TTE. This may be attributable to either late improvement in left ventricular systolic function following recovery from the period of aortic cross-clamping and cardioplegia or the effect of left ventricular reverse remodelling in the postoperative period. Both of these effects may be exaggerated in patients with coronary disease and ischaemic MR and therefore those patients undergoing concomitant coronary grafting were excluded in Table 2 . Also, patients with ischaemic MR are known to have poor (58-64%) 9,10 and therefore the possible increase in late re-operation rate is of less concern.
These data are preliminary. Further study is warranted to quantify how the echocardiographic features of severity in MR change in relation to general anaesthesia, positive pressure ventilation and the passage of time following a period of aortic crossclamping and cardioplegia. This is particularly true for patients with mild residual MR. While these data are being obtained, the decision to reinstitute cardiopulmonary bypass and undergo a second period of aortic cross-clamping in the quest for an 'echoperfect' mitral valve repair, based on an IOTOE one that should only be made with a great deal of circumspection.
Therefore, in patients undergoing successful mitral valvuloplasty (without concomitant coronary grafting), IOTOE diagnosis when compared to follow-up TTE predictive value 84% and negative predictive value of 39% for 'echo-perfect' repair.
DISCUSSION
following surgical MV does not appear reliable enough to advocate for a second surgical attempt to achieve an 'echo-perfect' repair. Sixty-one percent of patients undergoing isolated mitral valvuloplasty and
